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ELECTRIC ALLY DRIVEN AIRCRAFT CABIN VENTILATION AND 
ENVIRONMENTAL CONTROL SYSTEM 


CROSS REFERENCE TO RELATED APPLICATION ( S ) 
This application claims the benefit of U.S. Provisional 
Patent Application No. 60/269,495, filed February 16, 2001, 
entitled Electrically Driven Aircraft Cabin Ventilation and 
Environmental Control System. 

BACKGROUND OF THE INVENTION 
The present invention relates to an electrically driven 
aircraft cabin and ventilation and environmental control system. 

Many of today's aircraft use the extraction of thrust 
engine compressor bleed air to power the aircraft cabin and 
cargo ventilation system and environmental control system (ECS) . 
The extraction of engine cycle compressor core bleed air places 
a significant penalty on the engine cycle, reducing engine 
efficiency. Much of the power inherent in the extracted bleed 
air is purposely wasted in the bleed air control and 
distribution system to ensure that the hot bleed air conforms to 
aircraft material limits, before it is delivered to the ECS. In 
addition, the bleed air extraction and distribution equipment 
required to use engine bleed is expensive to purchase and 
install, and relatively unreliable. 

Modern aircraft ventilation systems fail to use the energy 
contained in cabin exhaust air efficiently. Conventionally, 
this air is continually dumped overboard. At high altitudes, 
this exhaust air has useable energy based on the pressure 
differential with ambient and enthalpy content. At lower 
altitudes, where the air pressure differential is not 
significant, this air may be a relatively cool heat sink. 
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SUMMARY OF THE INVENTION 
Accordingly, it is a principal object of the present 
invention to provide a system wherein aircraft onboard electric 
power is used to run the cabin pressurization and ventilation 
system, and the environmental control system. 

The foregoing object is attained by the electrically driven 
aircraft cabin ventilation and environmental control system of 
the present invention. 

In accordance with the present invention, an electrically 
driven aircraft cabin ventilation and environmental control 
system comprises means for capturing ram air, electrically 
driven means for pressurizing the ram air, and means for 
thermally conditioning the pressurized ram air. The means for 
thermally conditioning the pressurized ram air may utilize 
additional ram air and/or cabin exhaust air to carry out the 
thermal conditioning. The system further has a means for 
removing undesirable moisture from the conditioned stream. 

A method for delivering conditioned air to an aircraft 
cabin broadly comprises the steps of capturing ram air, 
pressurizing at least a portion of the ram air with an 
electrically driven compressor, thermally conditioning the 
pressurized ram air, and delivering the thermally conditioned 
ram air to the aircraft cabin. 

By employing electric power as the power source for the 
aircraft cabin ventilation and environmental control system 
rather than bleed air, the present invention contributes to the 
elimination of engine bleed equipment, as well as eliminating 
all the hot air, high pressure valves and ducting of the 
pneumatic distribution system from the engine bleed system to 
the ECS. 

Other details of the electrically driven aircraft cabin 
ventilation and environmental control system of the present 
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invention, as well as other objects and advantages attendant 
thereto, are set forth in the following detailed description and 
the accompanying drawings wherein like reference numerals depict 
like elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic representation of a first embodiment 
of an electrically driven aircraft cabin ventilation and 
environmental control system in accordance with the present 
invention ; 

Fig. 2 is a schematic representation of a second embodiment 
of an electrically driven aircraft cabin ventilation and 
environmental control system in accordance with the present 
invention ; 

Fig. 3 is a schematic representation of a third embodiment 
of an electrically driven aircraft cabin ventilation and 
environmental control system in accordance with the present 
invention; 

Fig. 4 is a schematic representation of a fourth embodiment 
of an electrically driven aircraft cabin ventilation and 
environmental control system in accordance with the present 
invention; and 

Fig. 5 is a schematic representation of a fifth embodiment 
of an electrically driven aircraft cabin ventilation and 
environmental control system in accordance with the present 
invention . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S) 
Referring now to the drawings, Fig. 1 illustrates a first 
embodiment of an electrically driven aircraft cabin ventilation 
and environmental control system 100. In this system, ram air 
is brought into the system 100 through ram inlet 1. The inlet 1 
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may be located in any suitable position on an aircraft. A 
portion of the ram air is diverted into conduit 2 for delivery 
to ventilation compressor 3 where it is compressed. The 
compressor 3 puts into the ram air the energy required for both 
cabin pressurization and pneumatically driven air conditioning, 
depending upon environmental and flight conditions. Some of the 
heat of compression is removed from the ventilation compressor 
exit stream 34 in a secondary heat exchanger 4. The heat sink 
for the heat exchanger 4 is ram air obtained from the ram inlet 
1 that is not delivered to the compressor 3 and is instead 
diverted into the conduit 5. On the ground, a ram air fan 15, 
connected to the ECS turbomachine shaft 35, provides the energy 
necessary to draw air through the system. The heat sink ram air 
delivered to the heat exchanger 4 is preceded by the injection 
and evaporation of liquid water in the spray cooler 10. A 
portion of the hot compressed ventilation air stream is removed 
upstream of the heat exchanger 4 through line 29 to provide 
temperature modulation in the air cycle subsystem and air 

distribution system. 

The cooled pressurized air is delivered to a conventional 
high pressure water separator air cycle subsystem via line 6. 
The air is additionally cooled in a reheater heat exchanger 7 
and then further cooled in a condenser heat exchanger 8, where 
water vapor contained in the air is condensed to liquid and 
separated from the cold air through stream 9. This stream of 
liquid water is delivered to the spray cooler 10, where it is 
injected into the incoming ram air stream to precool the heat 
sink for the secondary heat exchanger 4. The cold dry 
pressurized air leaving the condenser 8 is delivered to the 
opposite side of the reheater 7 through line 11 where it is 
warmed in the reheater 7 as it cools the incoming air stream 
from the secondary heat exchanger 4. The warm, dry air is 
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delivered through line 12 to the inlet of cooling turbine 13. 
Expansion of the cool pressurized dry air across the cooling 
turbine 13 reduces the pressure and temperature of the air. To 
control and moderate the outlet temperature of the cooling 
turbine air, hot bypass air 21 from another ECS pack aboard the 
aircraft is mixed downstream of the exit 36 of the turbine 13. 
Work done by expansion in the cooling turbine 13 is used along 
with primary power supplied by an electric motor 14 to drive the 
ventilator compressor 3 and ram air fan 15, which are on the 
same shaft as the electric motor 14 and the cooling turbine 13. 

Cool dry air exiting from the condenser 8 is delivered 
through line 16 to the cabin air distribution system mix 
manifold 17. In the mix manifold 17, the cooled dry air is 
combined with similar cool conditioned air from other operating 
air cycle system packs via line 18, and with cabin recirculated 
air via line 19. During conditions when operation of the air 
cycle cooling system is not required to provide cold air, the 
pressurized air stream 6 from the secondary heat exchanger 4 is 
bypassed through line 20 directly to the mix manifold 17. The 
air in the mix manifold 17 is further conditioned by the 
addition of hot bypass air 22 as necessary to provide the 
desired cabin supply air temperature. The conditioned cabin 
supply air is then delivered through line 23 to the cabin 24. A 
portion of the cabin exhaust air 25 is recirculated back to the 
mix manifold 17 with motion flow power provided by the 
recirculating fan 26. The remainder of the cabin exhaust air is 
exhausted to ambient through exhaust fan 27 and overboard line 
28. 

Referring now to Fig. 2, a second embodiment of an 
electrically driven aircraft cabin ventilation and environmental 
control system 200 is illustrated. As can be seen from this 
figure, system 200 retains the architecture of the system 100. 
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in this embodiment however, instead of exhausting the non- 
recirculated cabin air flow overboard, this air is delivered 
through line 30 to recovery heat exchanger 31, where the cooler 
cabin air provides a heat sink for the hot ventilation 
compressor exit air, effectively precooling it prior to its 
delivery to the secondary heat exchanger 4. The cabin air is 
then exhausted overboard through line 32. The use of this cool 
cabin air offloads the cooling load of the secondary heat 
exchanger 4, and therefore reduces the amount of ram air 
required, and its extraction penalty, to precool the air cycle 
system delivery air. This potentially results in a decrease in 
total heat exchanger weight and aircraft drag. 

Fig. 3 illustrates a third embodiment of an electrically 
driven aircraft cabin ventilation and environmental control 
system 300 in accordance with the present invention. This 
embodiment employs the basic architecture of the system 100 and 
the modifications of system 200. In this system however, after 
the cabin exhaust air has been used as a heat sink for the 
ventilation compressor exit air, the cabin air stream is 
expanded across a power turbine 33. This is done to extract 
additional energy from the stream as a result of the 
differential between the cabin pressure and the ambient pressure 
and the enthalpy content of the stream. Power turbine 33 is 
preferably attached to the same shaft as the ventilation 
compressor 3 and the cooling turbine 13, and its work is 
delivered to the compressor 3 as shaft power to offset the 
electrical power required at the motor 14. 

A variation of the system of Fig. 3 involves using a sxngle 
turbine instead of two, essentially integrating the functions of 
both the cooling turbine 13 and the power turbine 33. This 
single turbine would perform the cooling turbine function for 
st of the flight, but at altitude, where the cooling turbine 


mo 


02-161 


„arv it would be used for energy recovery 
function is not necessary. £uncti ons would be 

. ,; r Only one of tnese 
of cabin exhaust air. u cooling function 

— -r , ;r::::: ;;; h £ ; nction . ^ 

having priority over the W 

trough appropriate .ode sorte r a - ^ ^ 

environmental conditions, the sing 

eithe r £ unction as desired^ erobodiment o£ a n 

Fig . 4 illustrate ye an ^ ^ envi _ tal 

eiectrically driven aircraft inventio n. In 

control .^-^T^rin, turbine,hig h pressure water 
this embodiment, the sing replaced with a 

w 0 h ,ir evele subsystem loop is re F 
separator based air eye embo diment, the cool 

= : r r vcle subsystem. in 
condensing air cycl condenser 8 at intermediate 

dehumidified air leaving through further 

pressure enters the condensing turbin ^ ^ ^ ^ 
expansion the air is cooled and ex ^ ^ ^ 

n i This embodiment eliminates the 
pressure level. This pxitinq the cooling turbine 13, 

f hp stream exiting 
bypass tempering of ne ^ ^ mode rated 

as the conditions exiting the coolr g ^ ^ 

by th e controlled P-ial expansion o ^ 

th e desired temperature at the ne ^ ^ 

Fig . 5 illustrates yet ancthe an(j env „„tal 

el ectrically driven aircraft cabi in 
control system in accordance ^ , ^ the air cycle 

this embodiment, the ventilation «*"" Qne sha ft 

subsystem are located on two independen motor 14 , 

„ould carry the ventilation compressor 3 ^ ^ 

and optionally the power turbine «** gene „ tor 39 , 
„ould carry the cooling turbine 13, a ^^.^ cycle is 

and a condensing turbine (not sho , ^ ^ then 

used . Energy flow «p~.J : between ^ 
be transmitted by an electric lin 


02-161 


• with the motor 14 and generator 39. The 

hardware ,1 ^ compresslon and the ram 

pr pow eiectric mofcor 14 This 

a " ted by the shaft power developed in the cooling turbine 

supplemented by s P developed by the power 

13, and if approprxate, the P electric ECS 

turbine 33 and/or the condensing turbxne. The elect 

,^ the cooling turbine and/or power 
turbomachine incorporates the cooxxng ,.,^ ion 
turbine the electric motor, and/or generator, ventxlatxon 
clpre or and ram fan onto a sxngle shaft, or onto two shafts. 

hlmotor and/or generator must operate at variable speed, 
therefore an inverter/motor drive and associated control 

functions will be required for each. Metrically 

t- th^t there has been provided an electrxcany 
It is apparent that tnere na 

=i: r::;rrr :r.r.:::i; - =«■ 

described in the context of spec apparent 

^^rii f -i rations, ana varidLiuii^ 
alternatives, modiricaLiuii^, 

• v Therefore, it is intended to embrace those 

descrxptxon. Therefore variations whic h fall within 

alternatives, modif icatxons , and varxatxo 
the broad scope of the appended claims. 


8 


